In this manuscript we present a computational study on the photoluminescence properties of several heteroleptic [Ru(H) as an efficient strategy to overcome the limited electroluminescent efficiencies of purely organic dyes in OLEDs devices, increasing efforts have been devoted to the understanding of thermally-mediated photoluminescent processes. Indeed, the TADF mechanism roots on the use of thermal energy to assist reverse intersystem crossing from the singlet to the triplet excited states (ES). Thus, delayed fluorescence is only observed if enough thermal vibrational energy is available to overcome the singlet-triplet splitting. TADF is not found only organic dyes but has also been reported in coordination complexes of, e.g., Cu 3 and Ag; 4 where it often co-exists with prompt phosphorescence. In these complex photochemical scenarios a subtle competition between multiple ES deactivation processes is at play; and only the fastest processes are being observed, i.e., there is kinetic control. 5 Anti-Kasha fluorescence or phosphorescence, 6 i.e., emissions from higher-lying ES, are among these complex photochemical scenarios. Two different anti-Kasha cases exist: a thermally-equilibrated scenario and a non-thermally equilibrated one. 7 The latter one is characterized by: i) large ES n -ES 1 (where ES can be a singlet or a triplet state) energy gaps, so that the sluggish ES n àES 1 internal conversion (IC) and/or intersystem crossing (ISC) processes cannot compete with a photon emission from the higher-lying ES; and ii) excitation wavelength-dependent photoluminescence properties. Belonging to non-thermally equilibrated scenarios, dual singlet-triplet emitters of, e.g., Os (II) 8 , Ag(I) and Pt(II) 9 as well as dual triplet-triplet emitters of, e.g., Ru(II) 10 and Ir(III) 11 have been reported in the literature. Conversely, the thermally-equilibrated case is typified by: i) small S n -S 1 (or T n -T 1 ) energy gaps, so that thermal equilibrium between different ES can take place provided that enough thermal vibrational energy is available; and ii) the lack of excitation wavelengthdependency. TADF-phosphorescent dual emitters and other dual triplet-triplet emitters of, e.g., Ir(III) 12 fall in this second category. For the latter cases, the emission switch might be seen as a violation of Kasha-rule or not depending whether one considers the adiabatic energy difference between the optimized ES structures, or one examines the ES energy differences at their respective minima, as it often observed that the higher-lying ES becomes the lowest ES at the vicinity of its optimized geometry. Besides these conceptual problems, deciphering the actual origins of these anti-Kasha emission poses, in many cases, significant challenges both from the experimental and computational viewpoints, since the intricate photodeactivation dynamics is controlled by subtle variations of the electronic properties that are affected by both spin-orbit and vibronic interactions, as well as by the fine interplay between medium rigidity/polarity and temperature. Despite these difficulties, one of us reported in 2014 the first computational evidence of an anti-Kasha emission for a Pt(II) complex, 13 which has been followed by several additional contributions.
Controlling the temperature-dependent photoluminescent properties is of vital importance in optoelectronics applications and more in particular in the field of organic light emitting diodes (OLEDs). 1 Since the seminal work of Adachi on the use thermally activated delayed fluorescence (TADF) 2 dyes as an efficient strategy to overcome the limited electroluminescent efficiencies of purely organic dyes in OLEDs devices, increasing efforts have been devoted to the understanding of thermally-mediated photoluminescent processes. Indeed, the TADF mechanism roots on the use of thermal energy to assist reverse intersystem crossing from the singlet to the triplet excited states (ES). Thus, delayed fluorescence is only observed if enough thermal vibrational energy is available to overcome the singlet-triplet splitting. TADF is not found only organic dyes but has also been reported in coordination complexes of, e.g., Cu 3 and Ag; 4 where it often co-exists with prompt phosphorescence. In these complex photochemical scenarios a subtle competition between multiple ES deactivation processes is at play; and only the fastest processes are being observed, i.e., there is kinetic control. 5 Anti-Kasha fluorescence or phosphorescence, 6 i.e., emissions from higher-lying ES, are among these complex photochemical scenarios. Two different anti-Kasha cases exist: a thermally-equilibrated scenario and a non-thermally equilibrated one. 7 The latter one is characterized by: i) large ES n -ES 1 (where ES can be a singlet or a triplet state) energy gaps, so that the sluggish ES n àES 1 internal conversion (IC) and/or intersystem crossing (ISC) processes cannot compete with a photon emission from the higher-lying ES; and ii) excitation wavelength-dependent photoluminescence properties. Belonging to non-thermally equilibrated scenarios, dual singlet-triplet emitters of, e.g., Os(II) 8 , Ag(I) and Pt(II) 9 as well as dual triplet-triplet emitters of, e.g., Ru(II) 10 and Ir(III) 11 have been reported in the literature. Conversely, the thermally-equilibrated case is typified by: i) small S n -S 1 (or T n -T 1 ) energy gaps, so that thermal equilibrium between different ES can take place provided that enough thermal vibrational energy is available; and ii) the lack of excitation wavelengthdependency. TADF-phosphorescent dual emitters and other dual triplet-triplet emitters of, e.g., Ir(III) 12 fall in this second category. For the latter cases, the emission switch might be seen as a violation of Kasha-rule or not depending whether one considers the adiabatic energy difference between the optimized ES structures, or one examines the ES energy differences at their respective minima, as it often observed that the higher-lying ES becomes the lowest ES at the vicinity of its optimized geometry. Besides these conceptual problems, deciphering the actual origins of these anti-Kasha emission poses, in many cases, significant challenges both from the experimental and computational viewpoints, since the intricate photodeactivation dynamics is controlled by subtle variations of the electronic properties that are affected by both spin-orbit and vibronic interactions, as well as by the fine interplay between medium rigidity/polarity and temperature. Despite these difficulties, one of us reported in 2014 the first computational evidence of an anti-Kasha emission for a Pt(II) complex, 13 which has been followed by several additional contributions. emission switch when cooling down the samples. Photon absorption is an ultrafast process, so that the orientation of the solvent molecules remains adapted to the charge distribution of the solute in its electronic ground state. Conversely, photon emission, which is a much slower process, implies a solute geometry relaxation in the ES as well as a solvent reorganization to adapt itself to the solute charge distribution in the electronic ES, before the actual photon emission takes place. At cryogenic temperatures, the rigidity of the media hinders, in principle, the solvent reorganization. Having in mind these facts, Kamecka and coworkers hypothesized that the 3 MLCT state of 1 is the lowest-lying state at RT but not at 77 K, as the 3 MLCT and 3 LC states are differently affected by the lack of environmental relaxation at 77 K. However, they were not able to provide compelling proofs of this interesting hypothesis. In the following we address from a computational viewpoint these issues and we additionally explore the possibility of a thermally-equilibrated anti-Kasha scenario. Relevant experimental data for 1-2 at 77K and RT are collected in Table 1 . The experimental emission spectrum of 1 shows an unstructured band at RT peaking at 615 nm; whilst it shows a structured band peaking at 490 nm at 77K. At the latter temperature, a multicomponent decay, with different averaged lifetimes at the red and blue tails of the emission was recorded. 17 These observable data agree with a switch from a 3 MLCT-like emission at RT to dual photoluminescence from both the 3 LC and 3 MLCT at 77K, as suggested by the experimental team. Conversely, an unstructured 3 MLCT-like emission band is observed for 2 regardless of temperature. To get insights into the emissive characteristics of 1-2 we performed density functional theory (DFT) and timedependent (TD)-DFT calculations (see Computational Details). More in details, the optimized geometries of different triplet excited states were determined; and subsequently the phosphorescence decay rates were evaluated at these geometries. Selected geometrical parameters of the optimized ground ( 1 GS) and relevant triplet state (i.e., 3 MLCT, 3 LC) minima are given in Table 2 for 1-2. The assignment of the triplet character is based on the spin density distributions shown in Figure 1 . Let us start our discussion with 1. Its 3 LC state is fully localized on the ancillary ligand (see Figure 1 ). Its optimized structure closely resembles the 1 GS geometry (see Table 2 ). Both geometries bear a pseudo-octahedral environment around the Ru atom. In contrast, the 3 MLCT geometry displays larger displacements with respect to the 3 LC and 1 GS geometries. These distortions include: (i) shorter Ru-N bond distances; (ii) asymmetric stretching of the Ru-P bonds; (iii) a smaller a P-Ru-P value; and (iv) the torsion of of one phenyl ligand (i.e., compare the dihedral angles a C1-4 in Table 2 ). As shown in Figure 1 , the spin density of the 3 MLCT state is distributed among the Ru atom and the N^N ligand. A similar geometry and spin density distribution is obtained for the 3 MLCT state of 2 (see Table 2 and Figure 1) , which is the sole excited state involved in emission for 2.
We now address the origins of phosphorescence. The phosphorescence emission maxima were computed on the basis of ΔSCF-PCM-B3LYP calculations, which are obtained as the energy difference between the triplet ES at its optimized geometry and the ground state at the same geometry; and through the calculation of vertical singlet-triplet PCM-TD-DFT excitations at their respective triplet optimized geometries.
The results for 1-2 are listed in Table 3 . Both approaches underestimate the position of the emission energy maxima with respect to the experimental evidences, especially in the case of the vertical singlet-triplet TD-DFT calculations. Provided that we did not explicitly include vibronic effects in these calculations, a reasonable agreement with the experimental emission spectra is nevertheless obtained (e.g., compare the ΔSCF-PCM-B3LYP computed value for 2 -1.57 eVwith the experimental one -1.97 eV-). For 1, our calculations further support the nature of the ES involved in the experimentally-observed temperature-dependent emission switch. Hence, the ΔSCF-PCM-B3LYP computed emission maxima for the 3 MLCT and 3 LC states are 1.59 and 2.12 eV, respectively; in reasonable agreement with the blue-shift observed experimentally (see Table 1 ). To assess solvent relaxation effects, the perturbative corrected linear response (cLR)-PCM model 18 was used in combination with the TD-DFT
calculations. In such a scheme, the variations in the solvent's cavity charges to the charge distribution in the electronic ES are taken into account using the one-particle TD-DFT density matrix. cLR-PCM-TD-DFT calculations are generally more accurate than their LR counterparts for emission energies.
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The results are shown in Table 3 . The cLR-PCM-TD-DFT values are slightly red-shifted (by ca. 0.2 and 0.3 eV) for the 3 MLCT and 3 LC emissions; respectively, but the energetic order is overall maintained with both solvation models. Additionally, the 3 MLCT state is found to be always the lowest adiabatic ES regardless of the solvation scheme used. Therefore, the blueshift observed experimentally at 77 K for 1 cannot be explained by a putative stabilization of the 3 LC state at cryogenic temperatures, as suggested by Kamecka and coworkers. Indeed, the dipole moments of the ES and GS are rather similar (see Table 3 ); hinting at a limited impact of solvent relaxation effects. [a]
Ru-N1 Ru-N2
Ru-H Ru-C Ru-P Ru-P αP-Ru-P αC1-4 αH-C-P-P We now propose an explanation of the anomalous emissions observed for 1. Its schematic Jablonski diagram is shown in Figure 2 , which includes both 3 MLCT and 3 LC minima. The 3 MLCT state is found to be the lowest adiabatic emissive state, i.e., the Kasha state, being 0.171 eV (4.0 kcal/mol) below the 3 LC state. We additionally optimized the geometry of the transition state (TS) connecting both minima, and it was found 0.08 eV (1.8 kcal/mol) above the 3 LC minimum. The TS optimized geometry resembles the one of 3 LC (see Table 2 ). Its characteristic imaginary mode (31i cm -1 ) mainly involves the torsion of the a C1-4 angle and the bending of the a P-Ru-P angle. Thus, due to the steric hindrance between the two -PPh 3 units with decreasing a P-Ru-P angles, one of the phenyl rings is forced to twist in order to evolve to the 3 MLCT minimum. As schematically shown in Figure 2 , upon excitation to the singlet manifold (S n ), ultrafast ISC to the triplet manifold (T m ) will occur. The well of the 3 LC minimum will preferentially be populated first after IC and vibrational relaxation, as it is closer to the Franck-Condon region. If enough thermal energy is available the system will be able to surmount the rather small 3 MLCTà 3 LC activation barrier and populate the well of the 3 MLCT minimum in an irreversible or reversible manner depending on the given temperature. The kinetic model arising from such a scenario, including all possible ES decay channels is depicted in Scheme 2. The 3 LC-3 MLCT equilibrium is controlled by the forward k + (T) and reverse k -(T) rate constants, which can be expressed in an Arrhenius form
where A is the preexponential factor, E act the corresponding activation energy for a forward or reverse process, and k B is the Boltzmann constant. At 77 K, in view of the experimental evidences, 3 LC-like emission is predominantly observed (but coexisting with 3 MLCT-like emission). Using the computed activation barriers (1.8 and 5.8 kcal/mol for the forward and reverse processes, respectively) a k + /k -=2.3×10 11 value is obtained at 77 K; and consequently the 3 LCà 3 MLCT process is irreversible at this temperature (i.e., non-thermally equilibrated case). Therefore, at this limit condition (i.e., negligible k -value, since k + >> k -) and according to the kinetic model depicted in Scheme 2, the quantum yields for the 3 LClike and the 3 MLCT-like emissions can be expressed as Scheme 2. Kinetic model including all possible ES decay channels for 1, including the temperature-dependent forward k+(T) and reverse k-(T) decay rates, the radiative rates (kphos1 and kphos2), and the nonradiative decay rates (knr1 and knr2). Note that the nonradiative decay rates may involve different processes.
In such a thermally-equilibrated scenario, we can assess whether dual photoluminescence, or solely emission from the higher or lower ES will arise with the following expression, 
where the 3 MLCT/ 3 LC ratio of quantum yields is determined by the ratio of their radiative rates, the ΔE value (note that for a thermally-equilibrated scenario, the use of ΔE instead of E act is best suited), and the temperature T. Generally, if the ratio is <10 -2 , only 3 LC emission will be observed. Emission from the 3 MLCT state will be predominant if the ratio is >10 +2 and;
finally, values between these two thresholds lead to dual emissions. The basic approximation behind Eq. (4) is the assumption that k nr1 ≈k nr2 . We underline that the calculation of k nr poses significant challenges from a computational viewpoint, as often there are multiple channels for nonradiative deactivation in organometallic complexes. Table 3 ); and in addition is the lowest energy ES. Therefore, the switch from dual photoluminescence at 77 K to sole 3 MLCT-like emission at RT roots on the feasibility to attain the thermal equilibrium between both ES. 
